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Att r i t ion  of .  3raduate Engineers 

By Hugh Folk* 

I n  order t o  make projections of the future supply of graduate engineers 

l it is necessary t o  project the number of engineering graduates and a t t r i t i o n  
I from the exis t ing stock of engineers, The a t t r i t i o n  depends on the population 

I exposed t o  a t t r i t i o n  and the r a t e  of a t t r i t i o n .  It i s  w e l l  known tha t  occu- 

pational mobility and mortality rates vary with age. To estimate a t t r i t i o n  

w e  should ideal ly  prefer t o  know the detai led composition by age of the 

engineering population and the a t t r i t i o n  rates of each of the age groups. It 

is possible, however, t o  estimate a t t r i t i o n  ra tes  t ha t  apply t o  the en t i re  

population. This is  the ohJective of t h i s  paper, 

methods of estimating the overal l  a t t r i t i o n  rate .  

We s h a l l  discuss several 

The same methods can be 

applied t o  the various engineering specialt ies.  

A t t r i t i on  among engineering graduates tends t o  be high during the first 

yeat# a f t e r  graduation. O f  June, 1951 engineering graduates, only 61 percent 

were working a s  engineers one year l a t e r ,  o r  79 percent of those engineering 

graduates t h a t  were working i n  c ivi l ian jobs (Table 1). Of June, 1958 engi- 

neering graduates 60 percent were working a s  engineers two years later, o r  

80 percent of engineering graduates that  were working i n  c iv i l ian  jobs. 
I 

The 
. percentage of graduates i n  the various special t ies  workiqin the same specialty 

I 

~ 

varied considerably with rapidly growing special t ies  such as aeronautical and 

e l e c t r i c a l  engineering ehowisg the ioweet rates of a t t r i t i o n .  There appears 

t o  be a high concordance of rank between the one and two year a t t r i t i o n  ra tes  

*I wish t o  tharik Dcnald E. Yett f o r  many helpful discussions, Melvin Borland 
and Theodore Scheinman for computational assistance, and Mrs. Laverne Bubb f o r  
the use of the program she developed for  finding the roots of high order 
polynomials. This research was supported by NASA Grant NSG-342. - 
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Table 3 

- I Year, Two Years, and Overall At t r i t ion  m e  
Rates, by Engineering Specialty 

Engineering special ty  

A l l  engineers 

Aeronautical 

Chemical 

Civ i l  

E lec t r ica l  

Mechanical 

Mining 

Industrial 

Percent of graduates 
not working as engineers 

in same specialty 
One year Two years 

a f t e r  graduation a f t e r  graduation 
( 1952 1 (1960) 

39.2 34.7 
29.8 ---- 
40.8 58.0 

37.4 38- 3 

26.0 29.0 

41.9 45.5 

---- 63.1 

---- 71.1 

Estimated 
overal l  a t t r i t i o n  

rate 

3.0 

-5.1 

5.8 

3.8 

3.3 

6.4 

-1.2 

Sources: H u g h  Polk, "The Supply of Engineers and Scientists, ' '  Department of 
Economics, Washington University, Working Paper 6506, June, 1965, 
derived from National Science Foundation data  
and Table 2 below. 
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and the overal l  a t t r i t i o n  ra te  (which a re  estimated below). 

a t t r i t i o n  shown by one-year, two-year, and overal l  a t t r i t i o n  rates  is  one 

of a t t r i t i o n  declining w i t h  increasing age. 

The pat tern of 

The pat tern of a t t r i t i o n  is the recult of vohintary movemu+ of eq3neering 

graduates primarily in to  business occupations w i t h  re la t ive ly  few entering 

science (see Folk c2 

the en t i r e  period of 1950-1960 the market for  engineers a s  a whole had numerous 

job vaCancies(Folk, [lJ ). Very few indeed were the graduates tha t  wished 

t o  work as an engineer t ha t  could not f ind jobs as  engineers. The a t t r i t i o n  

rate is  highest among mechanical engineering graduates, many of whom work as  

aeronautical o r  indus t r ia l  engineering which are  i n  many applications considered 

t o  be subspecialt ies of mechanical engineering. 

r a t e  i s  that of chemical engineering. The a t t r i t i o n  r a t e s  of aeronautical 

and indus t r ia l  engineering are  actually negative, i.e., there is  an inflow 

of graduates from other special t ies  t ha t  outnumbers those aeronautical and 

indus t r ia l  engineers t ha t  leave the occupations by death o r  mobility. 

is t o  say tha t  aeronautical and industr ia l  engineering make a large net claim 

on other academic special t ies  (some of which are  nonengineers, especially i n  

the case of indus t r ia l  engineers ) 

). The movement i s  termed voluntary because during 

The next highest a t t r i t i o n  

This 

The estimates of a t t r i t i o n  presented i n  t h i s  paper exceed by a considerable 

amount the estimates mentioned, and presumably used, by the Bureau of Labor 

S t a t i s t i c s  f o r  the National Science Foundation [ 5J and L-6J. 

estimated a t t r i t i o n  owing t o  death and retirement from Wolfbein's "Tables of 

Working Life" [7J f o r  white urban males which implied a decade separation 

ra te  of 15.7 percent. 

The BLS 

Att r i t ion  among new B.S. graduates was not allowed for ,  

since 85.6 percent of bachelor's degrees 

masters degrees, and a l l  of the doctor's 

during period, 86.1 percent of the 

degrees were considered net additions 
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during the period. 

nontechnical jobs, but, according t o  the XLS, "losses from this source are 

believed t o  be minor re la t ive  t o  t o t a l  s c i e n t i f i c  and engineering personnel 

needs" ( [ 6,J p. 31)* 

NO allowance was made for transfer from the  occupation t o  

11. Estimating At t r i t i on  Rates 

The method adopted for  estimating the a t t r i t i o n  ra tes  assumes that the 

stock of employed engineers i n  1950, Eo, grows a t  a gross compound r a t e  y 

and is subject t o  a t t r i t i o n  a t  a compound r a t e  a over the period 1950-60, thus, 

EGO = ~ 5 0  ( 1 + Ir 110 1 - a)" (1) 

The net rate of change, p, is 

50 (1 + P I '  (2)  
E60 * ' 
So that 

( l + p )  - ( 1 + y - a -  y a )  ( 3 )  

'Thus if there was no a t t r i t i o n  i n  the period, p would equaly  If there 

was no growth over the period, pwould equal a 

It is possible t o  compute 0 by the formula 

- sntiloK of (lor? EGO' l o p  Egn) Pa 'c 

It0 find y and a an additional condition re la t ing  ytoa.must be fourid. We 

w i l l  examine first "exact" methods, which are time consuming, and then some 

approximate methods. rl 
I F i r s t  consider tha t ,  i n  general, employment i n  one period plus the growth I , 

increment i n  that period minus the a t t r i t i o n  decrement i n  that period is equal 

t o  employment i n  the next period. 

Et + Gt - At = Et + 

' For other  examples, see Folk and Yett [3J. 
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Most of the growth increment of graduate engineers, the graduating class  

Although there w i l l  be some st ragglers  (Gt), enter  the labor market i n  June. 

tha t  f i n i sh  work f o r  t h e i r  degrees each semester and quarter. 

estimate engineering employment as of, o r  short ly  before, the June graduation 

date, we  can compute a gross growth ra te  f o r  the period, 

If w e  can 

yt 
, on the base 

E t ,  such tha t  

During the following year, the number of engineers (Et + Gt) is subject 

t o  a t t r i t i o n  a t  rate tat, such that 

By specifying tha t  the growth increment i s  subject t o  a t t r i t i o n ,  but tha t  

the a t t r i t i o n  decrement does not reduce the employment on which the growth 

process operates during year t, we make a descriptively accurate and compu- 

a t iona l ly  convenient specification. ZI 
Since we have employment figures f o r  graduate engineers a s  of April-1,  

i n  1950 and 1960 and the number of graduates i n  classes of June, 1950 through 

June, 1959, we can compute the average a t t r i t i o n  r a t e  a s  follows; 

’ It could al ternat ively be assumed tha t  (1) neither growth increments were 
subject t o  a t t r i t i o n  o r  a t t r i t i o n  decrement8 subject t o  growth; (2) a t t r i t i o n  
occurs over the year and growth a t  the end of the  year; o r  ( 3 )  growth and 
a t t r i t i o n  occur simultaneously. 
growth process better than any of these al ternat ive assumptions. 

Our specification describe the engineering 
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and so on, until 

Let us ass- that the expected value of the attrition rateat is constant 

in the long run with constant variance the,n the maximum likelihood estimator. 

of (1- a) i s  

Substituting 6 for the (1 -a ) in (ll), 

we obtain a 10th degree polynomial in 6 
t 

By Descsrtes' R u l e  of Signs we know that (13) has at most one positive real 

root. This is readily approximated by numerical methods either with a desk 

calculator or by a high-speed digital computor. 

but one are positive, the positive real root may be obtained by a simple 

Because all coefficients 

trial-and-error method that converges quickly'. 

2 10 (1) Let  6 be the first trial root, calculate 6 , :& , ... 6 . In 

doing this it is necessary to carry each multiplication to the greatest degree 

of accuracy possible. 
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(2) Calculate (Eo + 60) 6 i Obviously i f  ( E  + G50) 6 > Ea, 10 10 
50 

50 ' 'gd6: ,5 I s  too large and it is not necessary t o  compute the p a r t i a l  sum ( E  

10 
1. 

60 
6 9 +  6 . .  + G  t 1 2 + G  6 = s  , i f  ( E g a + G s o )  6 < E  

+ '51 1 50 59 1 

compute SI and then S1 - Ea c bl. If A 3 0, se l ec t  6 *6 1, if A e 0 ,  
1 

se l ec t  6 > 6  2 1  t 

1. 
The difference between 61 and 6 2  should depend on the size of A 

then choose 6 < 6 and you need not compute 6 . Now compute S I$ 8 - 3 2 2 3. 3 

Ea = A 3  '0, S3 is too large, and so forth.  

Repeat steps (2) and ( 3 )  5s ~ e c e s s ~ r y .  Tne computations converge quite 

rapidly, and it i s  possible to obtain 6 t o  four o r  f ive decimal places in 10 

o r  12 i terat ions.  Increasing experience i s  useful in judging by how much 

t r i a l  roots should be increased o r  decreased. 

T r i a l  roots may be readily chosen from the resu l t s  of the approximate 

methods given below. 

Approximate mthods. While extraction of the root of our special  10th 

degree polynomial i s  not very d i f f i cu l t ,  it is  time consuming. Several approxi- 

mate m e t W  of eotlmatiag a t t r i t i o n  have been proposed. 

(1) Meyer pJ proposes simultaneous solution of the equations: 

c + Eo A t=O G, 
+ 'T a 

CG, - E, 
.' Equation (14) is a simplification of our equaticn (1). It assumes that 

there i s  no interact ion of growth (g) and a t t r i t i o n  (a )  duri% a single period. 
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Equation (15) asser t s  t ha t  the ra t io  of the gross growth ra te  t o  the a t t r i t i o n  

rate i s  equal t o  the r a t i o  of the gross gain ( i . e .  graduations) over the 

period t o  the loss  over the period (Eo + CGt i s  the t o t a l  number i n  the occu- 

pation i n  the whole period.) 
T T 

Underlying (15) is  the a s s e r t i b  htbt T gEo = 

and a Eo x Eo + c Gt - E . Both of these expressions ignore 
tCtl Gt t=l T 
compounding by use of simple in te res t  T g  and Ta (and thereby bias both ra tes  

estimated upward), ignore a t t r i t i o n  during the  period (thereby biasing g 

downward since the base is too large during the period),and ignore growth 

during the period thereby biasing the a t t r i t i o n  r a t e  upward since the base 

is  consistently too large during the period. 

be said if  < . The use of equation (14) instead on (1) a l so  biases 

~ u e  difference of the r a t e s  downward. 

g q a n d  a >a , but it cannot 

11 - 

(2) Another method is  t o  use 

Eo (1 + g - a - ga)T = E ( 16) 

E ( l + g ) ?  = E  + 2' (17) 
0 0 t w o  Gt 

T 

Here the gross grok-th r a t e  g i s  based on the attrition for b 8 S  asemption 

took place over the period. 

have equalled E + c . It can readily be shown t h a t  the growth r a t e  g 

is too low,  o r  has negative bias. 

If no a t t r i t i o n  had taken place, then E Would 
T 

T 

0 t=l Gt 
The r a t e  g i s  the geometric mean of the 

annual rates gt obtained as  follows: 
A 

Eo (1 + go) = E + G 
0 1 = E 1  

o r  



If a t t r i t i o n  is positive but less  than growth in every period, it can be 

sharn t h e  the path of E w i l l  l i e  above the path of In every period 

except the first. I n  f ig .  1 we have assumed that graduations grow a t  the 
h A 

ra te  g suff ic ient  t o  make E Since Et grows a t  a 

4 

t 

grow a t  the same ra te .  t 
m r e  rapid ra te  than Et a given graduating class  Gt i s  always added t o  an 
A zt larger  than the corresponding Et* This 

The ref ore 0' the f i r s t  when go = 

(21) 
t zO 

From (16) we can see tha t  (22) 

Hence, t h i s  method is biased with certainty toward low growth ra tes  and low 
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(3)  Another method i s  t o  combine (16) with 
‘I 

Eo (1-a) y t Et = t = O  C Ct (23) 
tha t  

It can readily be shown ignoring the growth tha t  takes place leads t o  too 

small a base f o r  the a t t r i t i o n  ra te  which as a r e su l t  i s  too large since the 

base i s  always too srcall. 

1 

(4) Another method can be obtained by combining equation (17) and (23) 

as follows: 

t = O  

and solving (24) simultaneously with equation (16). Since g <y and a >a , 
the negative bias of (1 + g )  may be compensated f o r  Gr cver-compensated for.  

The resu l t s  of these approximate methods together with the polynomial 

resu l t s  are given i n  Table 2. The biases of methods (2)  and ( 3 )  are  c lear ly  

shown. 

mechanical and chemical engineers. This occurs because the term E - C 

i s  qui te  S m a l l  and E - G t  i s  quite large. Method (1) appears t o  be 

posi t ively biased also, but performs somewhat be t t e r  than the other methods. 

Method (4) is  extremely unstable, giving rather  absurd answers f o r  
T 

t tal t 
r 

0 t=o 

In an application of the methods t o  nursing a t t r i t i o n ,  however, method 

(4) performed s l igh t ly  be t t e r  than method (l), so there i s  no a p r io r i  reason 

t o  choose one method over the other (Folk and Yett L3J). 
cer ta in ly  be preferred whenever1 Gt 

- 
Method (1) should 

T 
is  large re la t ive  t o  E and E . 

t = O  0 t 
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